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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
optical device capable of improving an antistatic value. 
SOLUTION: A first layer 1 1 constituting a light-emitting 
diode 1 is provided on an insulating substrate 2. The first 
layer 1 1 comprises an n-type single crystal gallium 
nitride(GaN). A second layer 1 2 is provided on the first 
layer 11. The second layer 12 comprises a.p-type single 
crystal gallium nitride(GaN). The second layer 12 is cut 
to form a first opening part 14 where an exposed part 
1 la is exposed. The exposed part 1 la is provided with 
an n-side electrode 5. A transparent electrode 1 3 is 
provided on the second layer 12. A p-side electrode 6 is 
provided on the second layer 12. The transparent 
electrode layer 1 3 is cut to form a second opening part 
15 at a position corresponding to the first opening part 
14. An opening edge 15b of the second opening part 15 
is rounded. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st layer which consists of the 1st conductivity-type semiconductor formed on a 
base material while being prepared on said 1st layer — said — the 2nd layer which the 1st 
opening to which a part of 1st layer is exposed becomes from the 2nd conductivity-type 
semiconductor by which notching formation was carried out A transparent electrode layer by 
which notching formation of the 2nd opening was carried out in a location corresponding to said 
1st opening while being prepared on said 2nd layer The 1st electrode prepared at least in an 
outcrop in said 1 st layer The 2nd electrode prepared on said 2nd layer It is the semiconductor 
light device equipped with the above, and the opening edge of said 2nd opening is characterized 
by having an R. 

[Claim 2] The 1st layer which consists of the 1st conductivity-type semiconductor formed on a 
base material while being prepared on said 1st layer — said — the 2nd layer which the 1st 
opening to which a part of 1st layer is expoised becomes from the 2nd conductivity-type 
semiconductor by which notching formation was carried out A itransparent electrode layer by 
which notching formation of the 2nd opening was carried out in a location corresponding to said 
1st opening while being prepared on said 2nd layer The 1st electrode prepared at least in an 
outcrop in said 1st layer The 2nd electrode prepared on said 2nd layer It is the semiconductor 
light device equipped with the above, and is characterized by making a opening edge of said 1st 
opening project to said 1st electrode side rather than a opening edge of said 2nd opening. 
[Claim 3] The 1st layer which consists of the 1st conductivity-type semiconductor formed on a 
base material while being prepared on said 1st layer — said — the 2nd layer which the 1st 
opening to which a part of 1st layer is exposed becomes from the 2nd conductivity-type 
semiconductor by which notching formation was carried out A transparent electrode layer by 
which notching formation of the 2nd opening was carried out in a location corresponding to said 
1 St opening while being prepared on said 2nd layer The 1 st electrode prepared at least in an 
outcrop in said 1st layer With the 2nd electrode prepared on said 2nd layer, said some of two 
electrodes are removed at least, and it is a wrap passivation film about the device surface. It is 
the semiconductor light device equipped with the above, and is characterized by forming said 
passivation film using a material with a dielectric constant higher than silicon oxide. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to semiconductor light 

devices, such as a light emitting diode and a photodiode. 

[0002] 

[Description of the Prior Art] From the former, semiconductor light devices, such as a light 
emitting diode and a photodiode, are known. 

[0003] For example, as shown in drawing 9 and drawing 10 , the light emitting diode 51 as a 
semiconductor light device is equipped with 1 st layer 53a, 2nd layer 53b, the transparent 
electrode layer 57, the 1st electrode 55, the 2nd electrode 56, and the passivation film 54. 
[0004] 1st layer 53a consists of a n-type semiconductor, and is prepared on the base material 
52. 2nd layer 53b consists of a p type semiconductor, and is prepared on 1st layer 53a. Notching 
formation of the 1st opening 61 to which a piart of 1st layer 53a is exposed is carried out at 2nd 
layer 53b. The transparent electrode layer 57 is formed on 2nd layer 53b. Notching formation of 
the 2nd opening 62 is carried out in the location corresponding to the 1st opening 61 at the 
transparent electrode layer 57 top. Moreover, the 1st electrode 55 is formed at least in the 
outcrop in 1st layer 53a, and the 2nd electrode 56 is formed on 2nd layer 53b. The passivation 
film 54 which consists of silicon oxide covers the surface of light emitting diode 51 except for a 
part of 1 st electrode 55 and 2nd electrode 56. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in the conventional light emitting diode 
51, it had partial 62a which was square in the opening edge section of the 2nd opening 62. 
Therefore, when a charge was impressed, electric-field concentration might arise and discharge 
to some light emitting diodes 51. Therefore, the problem that an electrostatic discharge will arise 
was in light emitting diode 51. 

[0006] Moreover, when an overcurrent was impressed, current might concentrate on each 
opening edge. Consequently, the problem that a thermal runaway will arise was in light emitting 
diode 51. 

[0007] Furthermore, when a charge was impressed, big electric field may have occurred between 
1st layer 53a and 2nd layer 53b. Consequently, the problem that dielectric breakdown will arise 
was in light emitting diode 51. 

[0008] This invention is made in view of the above-mentioned technical problem, and the 1st 
purpose is in offering the semiconductor light device which can raise an electrostatic tolerated 
dose. The 2nd purpose is to offer the semiconductor light device which can prevent that a 
thermal runaway arises. The 3rd purpose is to offer the semiconductor light device which can 
prevent that dielectric breakdown arises. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention 
according to claim 1 while being prepared on the 1st layer which consists of the 1st 
conductivity-type semiconductor formed on a base material, and said 1st layer — said — with 
the 2nd layer which the 1 st opening to which a part of 1 st layer is exposed becomes from the 
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2nd conductivity-type semiconductor by which notching formation was carried out A transparent 
electrode layer by which notching formation of the 2nd opening was carried out in a location 
corresponding to said 1st opening while being prepared on said 2nd layer, In a semiconductor 
light device equipped with the 1st electrode prepared at least in an outcrop in said 1st layer, and 
the 2nd electrode prepared on said 2nd layer, the opening edge of said 2nd opening makes it a 
summary to have an R. 

[0010] The 1st layer which consists of the 1st conductivity-type semiconductor with which 
invention according to claim 2 was prepared on a base material, while being prepared on said 1 st 
layer — said — with the 2nd layer which the 1 st opening to which a part of 1 st layer is exposed 
becomes from the 2nd conductivity-type semiconductor by which notching formation was 
carried out A transparent electrode layer by which notching formation of the 2nd opening was 
carried out in a location corresponding to said 1 st opening while being prepared on said 2nd 
layer, Let it be a summary to have made a opening edge of said 1st opening project to said 1st 
electrode side rather than a opening edge of said 2nd opening in a semiconductor light device 
equipped with the 1st electrode prepared at least in an outcrop in said 1st layer, and the 2nd 
electrode prepared on said 2nd layer. 

[0011] The 1st layer which consists of the 1st conductivity-type semiconductor with which 
invention according to claim 3 was prepared on a base material, while being prepared on said 1st 
layer — said — with the 2nd layer which the 1st opening to which a part of 1st layer is exposed 
becomes from the 2nd conductivity-type semiconductor by which notching formation was 
carried out A transparent electrode layer by which notching formation of the 2nd opening was 
carried out in a location corresponding to said 1st opening while being prepared on said 2nd 
layer. In the 1st electrode prepared at least in an outcrop in said 1st layer, the 2nd electrode 
prepared on said 2nd layer, and a semiconductor light device equipped with a wrap passivation 
film for the device surface except for said some of two electrodes at least Let it be a summary 
to have formed said passivation film using a material with a diejectric constant higher than silicon 
oxide. 

[0012] Hereafter, "an operation" of this invention is explained. According to invention according 
to claim 1 , since the opening edge of the 2nd opening has an R, the opening edge of the 2nd 
opening does not have a square portion. Therefore, when a charge is impressed, it is prevented 
that electric-field concentration arises and discharges to some semiconductor light devices. 
Therefore, it is prevented by semiconductor light device that an electrostatic discharge arises. 
Therefore, an electrostatic tolerated dose of a semiconductor light device can be raised. 
[0013] According to invention according to claim 2, a opening edge of the 1st opening is 
projected rather than a opening edge of the 2nd opening. Therefore, a opening edge of the 2nd 
opening is not projected to a portion which current concentrates. Therefore, when an 
overcurrent is impressed, it is prevented that current concentrates on each opening edge. 
Therefore, it can prevent that a thermal runaway arises in a semiconductor light device. 
[0014] According to invention according to claim 3, since a material with a dielectric constant 
higher than silicon oxide is used as a passivation film, when current is impressed, a possibility 
that large electric field will occur between the 1st layer and the 2nd layer becomes small. 
Therefore, it can prevent that dielectric breakdown arises in a semiconductor light device. 
[0015] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of the semiconductor light device 
which materialized this invention is explained according to drawing l - drawing 7 . 
[0016] As shown in drawing 1 and drawing 2 . the light emitting diode 1 as a semiconductor light 
device is equipped with the insulating substrate 2 as a base material. This insulating substrate 2 
is formed with sapphire etc. it becomes the upper surface of an insulating substrate 2 from the 
gallium nitride (GaN) of n mold single crystal as the 1st conductivity-type semiconductor — 1 1 
[ layer / 1st ] is formed. 

[0017] As shown in drayying 2 . the n lateral electrode 5 as the 1st electrode is joined to outcrop 
1 la in 1 1 the 1st layer, the n lateral electrode 5 is formed with metals, such as gold (Au). The 
minus side of a power supply is connected to this n lateral electrode 5. 

[0018] moreover, the 1st layer is set to non-outcrop 1 lb in 11 from the gallium nitride (GaN) of 
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p mold single crystal as the 2nd conductivity-type semiconductor — 12 [ layer / 2nd ] is formed. 
As shown in draw[ng_ 2 , the 2nd layer of the thickness t1 of 12 is set as the range of 2-3 
micrometers. Notching formation of the 2nd layer of the 1st opening 14 to which outcrop 11a is 
exposed is carried out 12. Opening marginal 14a of the 1st opening 14 is making the arc of 
concave to the n lateral electrode 5 as the whole. On the contrary, opening edge 14b of the 1st 
opening 14 is making the arc of a convex to the n lateral electrode 5. 
[0019] it is shown in drawing 2 — as — the 2nd — the upper surface of layer 12 — the 
transparent electrode layer 13 is mostly formed in the whole. The transparent electrode layer 13 
is formed bygold (Au). The transparent electrode layer 1 3 is for passing equally the 2nd layer of 
the current from a power supply throughout 12. The p lateral electrode 6 as the 2nd electrode is 
joined to the upper surface of 12 the 2nd layer. The p lateral electrode 6 is formed with metals, 
such as gold (Au). The plus side of a power supply is connected to this p lateral electrode 6. 
[0020] Moreover, notching formation is carried out in the location where the 2nd opening 15 is 
equivalent to the transparent electrode layer 13 with the 1st opening 14 at drawing 1 and 
drawing 2 so that it may be shown. Opening marginal 15a of the 2nd opening 15 is making the arc 
of concave to the n lateral electrode 5 as the whole. As for opening marginal 15a of the 2nd 
opening 15, only distance t2 has withdrawn into the p lateral electrode 6 side rather than opening 
marginal 14a of the 1st opening 14. In other words, opening marginal 14a of the 1st opening 14 
has projected only distance t2 to the n lateral electrode 5 side rather than opening marginal 15a 
of the 2nd opening 15. In order to prevent that current concentrates on the opening edges 14a 
and 15a. as for this distance t2, being set as the range of t2>0 is desirable. Furthermore, in order 
to pass the 2nd layer of current equally throughout 12, as for distance t2, it is desirable to be 
set as the range of 0.5xt1-1 .5xt1. In this operation gestalt. distance t2 is set up so that the 2nd 
layer may become equal to the thickness t1 of 12. 

[0021] As shown in drawing 1 , opening edge 15b of the 2nd opening 15 is a round configuration 
without an edge. Opening edge 15b is making the shape of a circle of a convex toward the n 
lateral electrode 5 side. That is. opening edge 15b of the 2nd opening 15 has the R. As for the 
radius of curvature of the R of opening edge 15b. it is desirable to be set as the range of 10-100 
micrometers. In this operation gestalt, the radius of curvature of the R of opening edge 15b is 
set as 1 0 micrometers. 

[0022] As shown in drawing 2 . the surface of a light emitting diode 1 is covered with the 
passivation film 4. The passivation film 4 covers the surface of light emitting diode 1 except for 
some of n lateral electrodes 5 and p lateral electrodes 6. The passivation film 4 is formed using 
the material with a dielectric constant higher than the silicon oxide (Si02) as a silicon oxide. 
Here, the specific inductive capacity of silicon oxide (Si02) is 3.9. In addition, in this operation 
gestalt, the passivation film 4 is formed with the silicon nitride (Si3N4) as a silicon nitride. The 
specific inductive capacity of this silicon nitride (Si3N4) is 7,5. 

[0023] Next, the manufacture procedure of the light emitting diode 1 of this operation gestalt is 
explained. First, as shown in drawing 3 , 1 1 [ layer / 1st ] is formed by making the surface of an 
insulating substrate 2 carry out epitaxial growth of the gallium nitride (GaN) of n mold single 
crystal. And epitaxial growth of the 1st layer (GaN) of the gallium nitride of p mold single crystal 
is carried out on the surface of 1 1 . and 1 2 [ layer / 2nd ] is formed. 

[0024] Then, as shown in draMQg_4 » while exposing outcrop 1 la by covering a mask 21 on the 
upper surface of 12 the 2nd layer, and performing photo etching, notching formation of the 1st 
opening 14 is carried out. And it outcrop 11a Reaches and the 2nd layer (Au) of gold is vapor- 
deposited to the upper surface of 12. By performing patterning in this condition, the n lateral 
electrode 5 and the p lateral electrode 6 as shown in drawing 5 are formed. Furthermore, as 
shown in drawing 6 . it vapor-deposits thinly to the degree to which the light penetrates gold 
(Au) on the whole surface. By performing patterning in this condition, the transparent electrode 
layer 13 as shown in dray^^^ is formed. And the passivation film 4 which consists of silicon 
nitride (Si3N4) is formed with P-CVD method. In this condition, the hole for performing 
wirebonding on the passivation film 4 at the n lateral electrode 5 and the p lateral electrode 6 is 
****(ed). Consequently, the light emitting diode 1 shown in drawing^ and drawing 2 is 
manufactured. 
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[0025] According to this operation gestalt, the following effects can be acquired. 
(1) Since opening edge 15b of the 2nd opening 15 has the R, opening edge 15b of the 2nd 
opening 15 does not have square partial 62a like before. Therefore, when a charge is impressed, 
it is prevented that electric-field concentration arises and discharges to opening edge 15b. 
Therefore, it is prevented by light emitting diode 1 that an electrostatic discharge arises. 
Therefore, the electrostatic tolerated dose of light emitting diode 1 can be raised. 
[0026] (2) Opening marginal 14a of the 1st opening 14 is projected rather than opening marginal 
15a of the 2nd opening 15. Therefore, opening marginal 15a of the 2nd opening 15 is not 
projected to the portion (opening marginal 14a) which current concentrates. Therefore, when an 
overcurrent is impressed, it is prevented that current concentrates on each opening edges 14a 
and 15a. Therefore, it can prevent that a thermal runaway arises in light emitting diode 1. 
[0027] (3) The silicon nitride (Si3N4) which is a material with a dielectric constant higher than 
silicon oxide (Si02) is used as a passivation film 4. Therefore, when current is impressed, the 2nd 
layer of the 1st layer of a possibility that 1 1 and the large electric field between 12 will occur 
becomes small. Therefore, it can prevent that dielectric breakdown arises in light emitting diode 
1, 

[0028] (4) The 2nd layer of the distance t2 from opening marginal 14a of the 1st opening 14 to 
opening marginal 15a of the 2nd opening 15 is equal to the thickness t1 of 12. Therefore, while it 
is prevented that current concentrates on each opening edges 14a and 15a, the condition that 
the 2nd layer of current flows the whole region of 12 equally is maintained. Therefore, while 
becoming possible to prevent that a thermal runaway arises in light emitting diode 1, the ease of 
flowing of current is maintainable. 

[0029] In addition, this operation gestalt may be changed as follows. 

- With the aforementioned operation gestalt, opening edge 14b of the 1st opening 14 had the R. 
However, opening edge 14b may have the square portion. 

[0030] - With the aforementioned operation gestalt, opening marginal 15a of the 2nd opening 15 
was making the arc of concave toward the n lateral electrode 5. However, as shown in drawing 
8 , opening marginal 15a may be making the arc of a convex toward the n lateral electrode 5 also 
including the portion of opening edge 15b as a whole. Thus, when are constituted and a charge is 
****(ed), it is prevented that electric-field concentration arises and discharges to opening edge 
15b, Therefore, it is prevented by light emitting diode 1 that an electrostatic discharge arises. 
Therefore, the electrostatic tolerated dose of light emitting diode 1 can be raised. 
[0031] - With the aforementioned operation gestalt, the passivation film 4 was formed with 
silicon nitride (Si3N4). However, the passivation film 4 may be formed using other materials with 
a dielectric constant higher than silicon oxide (Si02). For example, you may make it the two- 
layer structure which used silicon oxide (Si02) for the lower layer side, and used silicon nitride 
(Si3N4) for the upper layer side as a passivation film 4. Moreover, the thing containing silicon 
oxide (Si02) and silicon nitride (Si3N4) may be used as a passivation film 4. In this case, silicon 
nitrides (SiNx) other than Si3N4 are sufficient as silicon nitride. Furthermore, the passivation film 
4 may be formed with materials other than a nitride with a dielectric constant higher than silicon 
oxide (Si02). 

[0032] - The surface of a light emitting diode 1 was covered with the aforementioned operation 
gestalt by the passivation film 4. However, the passivation film 4 may be omitted from the 
surface of light emitting diode 1 . 

[0033] - With the aforementioned operation gestalt, it is realized to light emitting diode 1 as a 
semiconductor light device. However, this invention is not limited to a light emitting diode, and 
may be materialized to a photodiode, a photo transistor, etc. 

[0034] - Although the 1st conductivity-type semiconductor is made into the gallium nitride 
(GaN) of n mold single crystal and the 2nd conductivity-type semiconductor is made into the 
gallium nitride (GaN) of p mold single crystal with the aforementioned operation gestalt, it is good 
also considering these as reverse. That is, the gallium nitride (GaN) of p mold single crystal and 
the 2nd conductivity-type semiconductor may be materialized for the 1st conductivity-type 
semiconductor as gallium nitride (GaN) of n mold single crystal. Moreover, the 1 st conductivity- 
type semiconductor and the 2nd conductivity-type semiconductor may be formed with 
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polycrystal and an amorphous material. Furthermore, the 1st conductivity-type semiconductor 
and the 2nd conductivity-type semiconductor may be formed with semiconductors, such as 
silicon and gallium arsenide, besides gallium nitride (GaN). 

[0035] - The material which forms each electrodes 5 and 6 is not limited to gold. That is, 
aluminum etc. may be used. Next, the technical thought grasped according to the operation 
gestalt mentioned above is indicated below besides the technical thought indicated by the claim. 
[0036] (1) It is the semiconductor light device characterized by the opening edge of said 1st 
opening having the R in claim 1. 

(2) while being prepared on the 1st layer which consists of the 1st conductivity-type 
semiconductor formed on the base material, and said 1st layer — said — with the 2nd layer 
which the 1st opening to which a part of 1st layer is exposed becomes from the 2nd 
conductivity-type semiconductor by which notching formation was carried out The transparent 
electrode layer by which notching formation of the 2nd opening was carried out in the location 
corresponding to said 1st opening while being prepared on said 2nd layer, It is the semiconductor 
light device characterized by forming the opening edge of said 2nd opening in the shape of [ of a 
convex ] a circle toward said 1st electrode side in a semiconductor light device equipped with 
the 1st electrode prepared at least in the outcrop in said 1st layer, and the 2nd electrode 
prepared on said 2nd layer. 

[0037] (3) while being prepared on the 1st layer which consists of the 1st conductivity-type 
semiconductor formed on the base material, and said 1st layer — said — with the 2nd layer 
which the 1st opening to which a part of 1st layer is exposed becomes from the 2nd 
conductivity-type semiconductor by which notching formation was carried out The transparent 
electrode layer by which notching formation of the 2nd opening was carried out in the location 
corresponding to said 1st opening while being prepared on said 2nd layer. It is the semiconductor 
light device characterized by being the round configuration in which the opening edge of said 2nd 
opening does not have an edge in a semiconductor light device^ equipped with the 1st electrode 
prepared at least in the outcrop in said 1 st layer, and the 2nd electrode prepared on said 2nd 
layer. 

[0038] (4) It is the semiconductor light device characterized by the distance from the opening 
edge of said 1st opening to the opening edge of said 2nd opening being equal to said thickness of 
the 2nd layer in claim 2. Therefore, while becoming possible to prevent that a thermal runaway 
arises in an optical device according to invention given in this technical thought (4). the ease of 
flowing of current is maintainable. 

[0039] (5) while being prepared on the 1st layer which consists of the 1st conductivity-type 
semiconductor formed on the base material, and said 1st layer — said — with the 2nd layer 
which the 1st opening to which a part of 1st layer is exposed becomes from the 2nd 
conductivity-type semiconductor by which notching formation was carried out The transparent 
electrode layer by which notching formation of the 2nd opening was carried out in the location 
corresponding to said 1 st opening while being prepared on said 2nd layer. The semiconductor 
light device characterized by retracting the opening edge of said 2nd opening rather than the 
opening edge of said 1st opening in a semiconductor light device equipped with the 1st electrode 
prepared at least in the outcrop in said 1st layer, and the 2nd electrode prepared on said 2nd 
layer. 
[0040] 

[Effect of the Invention] As explained in full detail above, according to invention according to 
claim 1, the electrostatic tolerated dose of a semiconductor light device can be raised. 
[0041] According to invention according to claim 2, it can prevent that a thermal runaway arises 
in a semiconductor light device. According to invention according to claim 3, it can prevent that 
dielectric breakdown arises in a semiconductor light device. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[DraMng^^^^^^^ The plan of the light emitting diode in this operation gestalt. 
[Prayying 2] Similarly, it is the cross section of light emitting diode. 

[Drayying 3] The cross section showing the condition after the 1 st layer and the 2nd layer were 
formed in the insulating substrate. 

[Drawing 4] The cross section showing the condition before an outcrop and the 1st opening are 
formed. 

[Drawing 5] The cross section showing the condition before a transparent electrode layer is 
formed. 

[Drayying J5^^ The cross section showing the condition after the transparent electrode layer was 
formed. 

[DraMng 7] The cross section showing the condition before the laminating of the passivation film 
is carried out. 

[Drawing 8] The plan of the light emitting diode in example of another. 
[Drawing 9] The plan of the light emitting diode in the conventional technology. 
[Drawing 10] Similarly, it is the cross section of light emitting diode. 
[Description of Notations] 

1 — The light emitting diode as a semiconductor light device, 2 — The insulating substrate as a 
base material. 4 — A passivation film, 5 — n lateral electrode as the 1 st electrode, 6 — p lateral 
electrode as the 2nd electrode, 11 [ — A transparent electrode layer, 14 / — The 1st opening, 
14a / — A opening edge, 15 / — The 2nd opening, 15a / — A opening edge. 15b / — Opening 
edge. ] — The 1 st layer. 11a — The outcrop it is supposed that it is at least as an outcrop, 1 2 - 
- The 2nd layer. 1 3 
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DRAWINGS 



[Drawing 1] 
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[Drawing 5] 
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[ Drawing 9] 
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C57) CS*^] 

^^^(OmitiJ ^ (GaN) t-^hU'oXi.^h, ^ 1 Jl 
1 l±iCl*||2® 1 2*i|S:W6nri,^^.. II2)B12« 
pM^.tSScDg'fb^'; -JA (GaN) *>6>i&-?-Ct,>«, 
2(C«smS|51 1 a«rKUi$-ti--5>01MPSI5 1 
^ti'9)^^^^mitiX\.^i>, ^[±15151 1 a(C«nfflijm 
ffi5*5ig:i:fe,nri,^.2>. II2J11 2±tc«SB^m®li 
3*S|9:Wen-CI,»-5, 112)11 2±{C»pWJ«ffi6*i|S: 

wenrt^-s. sb^ssji i sect*, Ii2igpgi5i5*5 
s. ii2papsiJi 5©eapaB»spi 5 b«T-Ji'=&wu 



15b; 12 5 




1 

[nmm i ] s«±fcs:w6#a/cii i mmmmmi^^-^fb 

e>n-2. i i ^>{cfriEi^ 1 Winrndm^xyt sag^cm 
2 laaajj&i^ »3 ^is^fs.^ tifcmmmm t > mrfB» 1 

m^ciii-y ^'^mmiLi.cw&i htxtcm 1 ©mgi. Mia® 

2 Jlitciai:^ 6 n/cH 2 i ^.4^^^*7fe7=>'^• 
fci^ 2 wmMMmm^ p. 2 ji i . friem 2 ®±ic 
taw 6*15 eh i fctcHfriBH 1 ggnsB«:?pfit;-r sfesccm 

2 ^uuifi'm K) i^imm^ titcmmmmm t . m^m 1 

2 jlitCSW ^n/c^ 2 OS® i S^^aif^Tfe^^f 

tcm2mmmmmm^htj:^m2mt, frtBii2®±{c 

[0001] 
[0 0 0 2 3 

mtii^7'^<-^ xtuxcD^^y-^^- \=5 i». mil 

5 3 a, ||2®5 3b> SB«MS)1 5 7 ^ 1 ©^ffi 5 



(2) #^2 00 2- 1 1 8 28 8 

2 

[0 004] ^1JS5 Sa^nSl^f**^?.)^:^. 
5 2±(CS:W'3nrC^S. m2®5 3 hitpm^mwA-^ 
fbfj:^. miB5 3 aJiCcSW6n-rt<>S. I^2S5 3 
b(C«. MlS5 3a®— gB4»ai3-a-S»lMPg|J6 

i^i^oi^^j^jixsn-ct.i-s.. ®Bjmffli5 7iim2ii 

5 3 b±(Ct9:l:fe.n-CUS, 2Hj^)f 5 7J:(c«. » 
2igpSU6 2*1^1 PBGSIJ6 1 {c»lC-r4(4g«:W<5^«; 

^JF^fiS^nrc^S. S/c, ||l©m®5 5«^l®5 3 
a6Ctet:^5SttlSPtiCCi9:W6n. »2®mffi5 6«ll2 

10 J15 3 bitcswp^n-cc^s, '>';3>Bj{tfli*^6*s 
yA-.;,->-»c-j^3 »ii5 4«, iiiom®5 5Rafm2© 

[0 005] 

^^:ir~ K5 1 ®2m§i56 2 0l3Pii8i^gP«:« 
5g-5/cllB55'6 2 a*Wbrt>/c. -eofcsb. Si3f*iEP*a 
^n/cti^. ^^d*"-/;*— K5 1 ©-gptcmi?*^'*!^ 

20 -F5 UC»«^«*iafeD-CL/l55<!:l,>^WJS*i*-:> 

/Co 

[0 006} */c. ifimss*iEnJjn$n/ci«^. ^mim 

[0 007] S ?>tC. ^it*lEnft]3n/ci»^. Iff 1 Jl 5 
3a<i:m2S53b <!:©[HI«:{i7»;t&S^3!)J|6^L/T: 0 
*^^tfett*5*-:>/c, '5-©^Am. #6^5^-(':t-K5 IK 
r L. $ -5 1 ^ /c. 
30 [0008] :4E*W»±l3©8|j8{cai*r ^cSn/cfe© 
■C*>fP. -e©^l©gW«. ff^militfi^rlSliS-ti-^Ci 

©em, ?»5Bf^7WSfei;rbs^©=&i5!i±rsci*«-c 
*ei^5KiSl*5^D-ruS'5©^p^±-r-&c:<!:*i-c* 

[0009] 

[iSill*(S9^-rS/i:»©^|g] ±iBSS<3*^fS-r-5./c:fe 

tc, t«^:« ucta|g©^?g«. SM±tcs:we.nft:^i 
40 m'mMmmti^hUi,y^\mii. friB^iBitcs^we 

<!: i fcK|5]0 1 @©-g|!«:3ltB3-l±^.ll 1 g3Pg|3*s 

t . friBiff 2 jB±{cs:w 6 n^, i i (cBirf am i rip&is 

icS?tIt.r.£.{4g{clff2lf1DgB*s^0^^^Jf5fi£$n/caBJ 

msui, t!ria®i)i(c*5W58iuisi5(ii«:s:t:te.nfcii 
i©^<t. mfsm2m±.fx.m-fhtifcm2<ommt^ 

m^h'4-mw%7=f< ;^octei.» r . friam 2 f^um>^ 

[0010] n)m2kcwm>mm. »w±Kis:i:f ^ 
50 n/c»i»sati|i*i**^e>*siff iBi. strseisi®± 



3 

cciaw ens i t h ic\sim i ®©-sp^saj $-tf -sm i 
mzmt. BtifB»2«±K:ig:we.n5i<!:*>ccB!riB»i 

nfc»l©Sffii. «!ifa»2«±{cS:t:te>nA:ll2©SI 

SBcDPSPi^^. fsrian 2 pgpgpoigpi^j; 0 ^bwiasi 1 
(0 0 1 n fi*ii3fcia*g©^B««. «*;t±tc^w<D 

lapgpics^iE-r s&gfciB 2 p§pa5*i^ 0 t n 

tx/cmi ©mffii, Biiiai^2@±{cg:W6tx/tm2cDm 

[0012} JilT. 2|s:^l«© ri'ffflj ccot^-csiBj-r 
-2.. »*^ltcfa*S4(Df6HjKJ:n«, m2gapgI5©MP 

[0013] g*5}?]i2 {csatgco^Hjfc m 1 eap 

[0014] tS*^ 3 tCBBtSO^BJtC J:n«. U 3 > 

/I^ 3 < . fie -C , f^-- ^• (Ciffii»JSi«*S^ 

[0015] 

^fef'-' W ;^©— jlifeff^Sg^S 1 ~0 7 cctJi o -csiBj-r 
s. 

[ 0 0 1 6 ] 0 1 SO'H 2 iCnktJ: ^^^3l^*7t7'>'^' 
-<;^<!:0-C©^:>t:d^-f:*-- F 1 ». SWi 0-C©^S 



C3) #13 2 0 0 2 - 1 1 8 2 8 8 

4 

m 1 ^Slf**i*i b -C© n S#tta©lg<b:</ V "l? A 

(GaN) t^f^tji^mimi 1 3!>5JfM3tx-Cl.i^„ 

[0017] ia2ic^-rj;-5tc> mail {c*jwss 

asp 1 1 a {C»> H 1 ©fifiBi L/-C©nffliJ«ffi5 

snrc^^o nmrnmsit. # (au) ^©^sccio 

10 [ 0 0 1 8 ] S/c> H 1 B 1 1 iCisii :h^mm^ 1 1 b 

■i'A (GaN) 7t>^6)fe'S)ll2® 1 2*sjf5S;$n-Cl,^-2>, 
ia2fC^j^-ra:5K> m2Jll 2©/i$ t 1«. 2~3m 
m©^H4;:g:^§nt:t.^-5>. ^2)1 1 2CctJ, SbBSPi 
1 a4SW3l±S01§aPgPl 4*iW>3^^#ffM$n-C 
Ill MDSRl 4©l§Pi»l 4a«. ^f*iLT« 
nffiiJmffi5{C>FfL/-C[H©511it'i*JfeL'-Coe<, jgOC, mi 
ggpgp 1 4 ©ggPi^^gP 1 4 b n m^m 51>C1^UX 

ei©iiil«%^cL/rc>-5. 

20 [0 0 \ 9] mzic^-rjz^ic^ mzm I 2(D±m(Di,3: 

jii 3«^ (Au) (c<fc->-c?f5^§*aTi^-2>. mmnm 
mi 3«. mm.^^^(Dm&im2mi 2©^^^cte;^{c 

SS-r/c*©4>©^*.-5., m2Bl 2©±BfC«, 112© 

mffi<!;i/-c©pfflijmffi6*3g^-&3m:t,^s, pdymse 

«. ^ (Au) ^©^Ki-oTJ^^SESn-Ct^e. C© 
pfBimffi6Cc». mag©7'^;^fflJ*(Si^$nSJ:!>«:Jtc 

[0020] 01Siyf|a2(C7jx-rJ:5K. 

30 mm 13 «c«, m2 gspgp 1 5 1 msp 1 4 is+it; 
■rsfiistc^oi^irjfjfissnrt,^^. Ii2ggpspi5© 
momi5&i,t. ±i$tvxitn&mm5icnvxm(o 

im^^j:LXi.^i,. II2KPSP 1 5©PP^ 1 5 a«. 
H 1 ggpgp 1 4 ©igPi^ 1 4 a J: 0 pfiMffie ffiiRSB 

2ifcw?loiA^■cc»^, m^^^si, minapsp 
1 4©mjt 1 4 a«> m2igpgpi 5<Dmnmi 5 a 
J: lb n fflijm® 5 mt,cmm 1 2 /ct^^s^tH u-r t^-s. c © 

KfSt t 2 '^UB 14a. 15a CcmSS^s^ttJ L 
3;^©*E&Jh-r5/£.Ji{)K:, t 2>0©i5H«:i9:S§ti.S 
40 Ci*5»gLC^ 3 6(C. Sgfit2tt. mrIfE*ll2®l 
2©±li(C±WftcS£-r/c&K:, 0 . 5 X t 1 - 1 . 5 X 
t l©S5H«:i9:5e3n€.Ci*J«F*L/C». ^SUSJ^SIK: 
tet^ri*. Sgilt 2«> ^2a 1 2©®3 t 1 i^K 

[002 1 ] SlCC^-Tck^CC. »2PaP8IJl 5©I§P 

i^iSapi 5 hit, s.v>>(Dtj:i,^Ai'>^i^l^fJ:-yX^^^. 

maw^u 1 5 b «. n mnm 5 wkisj*! t:a©R3a 

tt^^cL-CC^S. oS»). »2§gPS|51 5©raPi^SIJ 

1 5 b«T-;u^Wb-ri^^, laPM^ffigpi 5 b©r-- 
so ;u©fl^ii^S« 1 0 ~ 1 0 0 M m©ffifflK:i9:S3 ia€) C 



[0 0 2 2 ] BI2tC^STJ;^fC. mitif-^:t--\' l<om 

-,i/^-i^a»g4«. nffliJ«fi55RCJfpfflI«ffi,6<D— 

gI5?r^t^T^i^-l':t- K 1 <D«M*?SS-r ^ cfc ^tC^C 

OXCOmitiyO^i^ ( S i O, ) J:0 fe^li*©lifC>*t 

*4^fflc^-t?f$fiSsn-rc>^., cc-c. K<b->';=3> (s 

r©Mb-> y-3->- ( s-i-rNr) fCcfc -^Tjf^fiX^nTi-^-^^^- 
5. c(DM{b'>';=i> (s i (otm^mti . 5 

[002 3 } ;xcc. ^mkBmomty-<:i--' K 1 ©IS 

^SS2®^M«:nM#*S^©S^b;</>J't/A (GaN) 

{b^fV-^A (GaN) >&xk:-5f^-t/i'Jl'^S^1±-cm2 

[0 024] 04{C^-rJ:^ii:. ^2J1 1 2© 

±®(cvxj'2 1 'kiAmbxy* hxi,5^>i^>fetf 

StUSUl 1 a^rStHS-a-Siifetc. miia 

vfrnzmi 2<D±mt>cMLx^ (au) *P,#-rs. c 

Tn-r J; 5 n iUmS 5 RO* p ffliJS® 6 ^ff^fiS-T -5 „ 5 6 
ic, S6K7n-rJ:^(c, ^®(C^ (Au) *pjm:)l6jCi5jl 

>i^*tf5Ci«:J:»). 0 7 tc^T J: ^ ^cMB^fliffll 1 

3^J^)iST.5.. ^Cr. ^{b^";n> (S i 3N,) 
J^£■2.''^••;';^•^— >3>^4^P-GVDffitCj:-:> -c JfJsS 
■r-5. C©tfc«{C*Jl,>-C. -'<-yi'-<-i'a>®4(C. n 

fflijm^s Ro^p fflijm® 6 tc c ■i'!K>f^-r > i^^tf ^ 
j?>©?L^jSs:-rs, *©iS*. la 1 2 (c^-r^^ 

[0 02 5 ] *SliSJfJSg«c «T©<fc ^!^j:S5!i*=S: 

( 1 ) 112 MDSIJ 1 5 ©lanStfflgP 1 5 b l*T-;l'4W 

b-c(,>s;^cJt). ii2^ngi5i 5©gBni^ai5i 5 b«^^ 

*©<J;'5^j:ft5So/cS|5^5-e 2 a?:WL/-Ct,>i^c(,^ J:o 

'Pi)i±0XW(^LXbt^a>i3i(S±^ti?>, '^pLiC. ^ 
^td^-T:!-- Kl«:||^Mi»*igfeD-CL'*^©*iP;^r±§n 
^. liS-:.-C. lfe5fe^'f:t-Fl©#Siiita4l6j±$-&2> 

[0 0 2 6 ] (2) HlPgpgpi 4©P3P^1 4 a«. 
ll2iaPS151 5©MPii^l SaJrOfc^^tUL-Ct.^^. * 
©fcift. m2RIPS|5 1 5©PgPi» 1 5 a««SS*5SI<t>-r 



(4) !|$ra2 00 2- 1 1 8 288 

6 

SSP^ (laPigtl 4 a) *T?^tHL/rc>^ci,>. J:-,-r, 

jfiSiiiEJiiEnttis n/cJ«^, &^om 1 4 a . 1 5 a tcm 

«*s^*L'rL.$^©*i|i*±5*aS. tiE-3-C. 
F 1 {Cf^JK®*i^Drb3;'5©^P;5ll:r-5C 

[0 027] (3) K{b->>J3> (S i O,) if^til 
^mtiy <J::t> ( S i , ) 

'^^-i^3>m4tuxm^^fbtixi,>i>. ^(Dfctb. m 

■m^Bm^ntcm^iic^ mimi i tm2mi 2 torn 

oT. F i{i:i|ie^fflf^*iafei;ru*^©«: 
— - Ki±-r€. c t*5-c^^,^ — 

[0 02 8] (4) SlggpSPl 4©gaP#l 4 a*^6 
m2BgpaJl 5©raPiSil 5a*t?©iiElltt 2tt. »2 
Ml 2©J15 t 1 <i:^?b<ncori,i2.. J: -or. siaP 

^ 1 4 a , 15a CC«a5AS»tl3 b-C U * ^ ©*i|»±S n 
■Si<!;^>CC, SijiJ*5^2)l 1 2©±^^ri^^CCitn-5fJ 

imim$n?>. se-^-c. i63i£^'-/:t-Ficcs^fi^*s 

[0 029] ^c*j. *siigj^jis»«T©J: icmmux 
• mammmi&xiit. m 1 gapse 1 4 ©pgpi^gp 1 4 

b»T-;U*w'b-Cl»/£:. UJtPL/, MPiMfe^gP 1 4 b tt 
II 5g ?cgl3^5r ^ L -CI. J r *i J; I ^ . 
[0 030] • ttrtBHSfeJ^Sg-Ct*. m 2 ggPgU 1 5 ©gS 
P;^ 1 5 a (i. nfWmfiBS tC|Dl3!)>o-ri!n©3It^*^cLr 

P«a5 1 5 b <Dm^i>^I^X^i;$t UX n ffliJM@5 (C 
30 [S]*^->r(a©5IIit^^^cL-CI,^r4>j:t,^ C©<i:'5(Cltfi£ 

-rtiti. m?sf*iEm^stv/cJs^. wPi^Jssgp 1 5 b ccs 

^ll**i^DTS!cmUTL*^©*iP;5±Sn^. KP^ 
fC. ffe)fe i^' -r :t - F 1 {C»mifi®*iSfe D -C L- 3; -5 ©*1E§ 
±3nSo Sfor. #65fc4<'-Y:*--Fl©»miBfS*|fi)± 

[0 03 1 ] • miimmjfmxi:x, ^ i^-^—^ 3 >jk 

4«a{bi^';=»> (S i,N,) iCj:-:>xmf&$tlXi.> 

fCo bt^L. >'^■';'>"^-i'g >^4^. ®^bi^';=»> 
(S iC) J: ♦) *)gf^©ifttif6©t;t*4*ffll,^-C?fJt!£ 
40 L-CfciO. a >Ji4 iLT. T 

Bffl'Hc®!ibvj=i> (s i o,) ^ffli^ ^mmicm^t 

->i;rJ> (S i 3N,) ^ffll^/c2)l«i*(CL/-CfcJ:C>. 

miti^<J^> (S i O,) tmti^')='> (Si, 
N,) 6i^Mc.ii<0=^J<yiy'<~-iya>m4tLXm 

mbxi>j:i.K com-^, M{bJ^';=i>»s i^N.wn 

©i"j3>g{b!^ (S i N.) -CfcJ:!,^ Se.(C. 
i^«-t/3>flS4«r. K^bi^';3> (S i Oa) J:*)i> 

50 [0 032]- m^^MWMI&XU. ^^^^ F 1 © 



7 

[0 0 3 3 ] • mmmmmm-ca. ^^ft^f^^wx i 
[0 034] • msimtumm-cit. m i mmm^mt^=& 

n SmS©^^ k;^/ 'J-fA (GaN) . 112 
(*:4pM^*SSO^^b:yy -^JA (GaN) i L-Tt^^ 

i:pmmi^^u<0^ittfV^A (GaN) . »2j»mM* 

iS<**n§^#*S^©^{b;^/';'i'A (GaN) iUT^Rt* 

mtifV-^A (GaN) at^iCh, 
[0 0 3 5] -SmSS. 6^Jf$^T-5W!|4»> #K:SS 

[0 03 6] ( 1) iS^l«:*jt^T. BilfB^lgaPgB 

«m^^i^^«:*^6^csii2)Bi. mim2m±K.m-)h 

tii,ti:i>(,cmEm 1 ^□gi5cc>ptir>-r.2.{4s«cm2^n 

fcc^r. Hijie®2iiingi5©pgnii*ffiSiJ5i, huiei^i©^ 

[0 03 7] ( 3 ) &^±<,c^<.f >butcm 1 mmmmm 
cciriii 1 «©— gp^sms-ttsu 1 rapsp*«t?)o^^*0 

Rg§nfcll2^S^ifi3H**^6)S.5m2jli, mriSll2 
ll±«:SW 6^.2. <!: <!: 4>CCBgl2m 1 igPSP(C*tf£;-r ^)(4 

ism 1 nccfcw sstasptitciat^ ^.n/cii i ©msi , 
fit Big 2 ii±Kiat^ 6 n/c^ 2 (omm t^m^ i>^mti^ 



(5) !t$§| 2 0 0 2 - 1 1 8 2 8 8 

8 

[0 03 8] (4) fs^2sc*jc»-c, Biriemigapas 
©gfipiNS*^6Biriem 2 ggpgi5©pap^s:r©^iK«. mr 
zm2m(om^tm\^\,^ct^^WLtti>^mw%ff^ 

■i:^, U-^x. CiOimmm^ (4) CcfSigcSBgtcj: 
7fef^>'W;^(CISliEi®*i^Dri.S^©?:P;J±-r^) 

[0 03 9] ( 5 ) »t^±(ci3:i-t 1 mmmmm 

(**^6;Jf-5lll mife^l Ji±icg9:we.nsi<!:*> 
10 Kpimi/l©— SP?rSt±J31i--5.llliaPSI5*5^'5i^^ffJ 
fi£§ti/cll2«mM¥«»3!»^6^C-5.ll2lli, 19131^2 

Ji±tcg9:w6n-5><i: <!: t>ccfrieig i pap§P(c>[ttc;-r€){4 

B(c»2g8PSP*5«J0^<:*Jgfi£Sn:teSBJSffiS<b. mi 

fen 1 e{cfew.5^i±i§i5{4{cs:w 6ti/cll 1 <D^%t , 
ffiem 2 ji±{c^w 6 tifcn 2 ©^ <t 

*f'-'^V:j^K:*J^,>r. l?gBm2MPS|J©B8Pi»?:. friB 
m5f1Pg|5©^1Pi^J:'34>g|oa,a#/i:C<t*!f$Sit-r 

[0040] 

20 [ftBJ©^*] Ji^ii^aiU/ti^fc. W5}t:5ltciBtS© 
|%WKJ:ntf. ^ft::Me7'>'NV;^©»^i*S«:[fi]±S-a- 

[0 04 1] If3j?^2 CciH«S©^HJ(C J;nii. *^(*^ 

7^-'^' -f cc^ffi«*5^ or o $ ^ ©^R5±-r -5. c <i:*ir 
#-5, tt*]I3(CiBtS©BBJtCj;n«. iiiiS<*7l£r^>'W 

7.<^mmmifi^cxhis.^<o^m±-f^ctifi-c^ 
[iaE©fs#<ciftB^] 

[0 1 ] ^miimK.id»i>?^9tif-<*~ K©TS 

30 0, 

[H2] l^t;<. K©»r®0. 

[03] je^S«{C|g 1 JSSCX^ 2 Jg^sjgfiES n/ct^ 

[ 13 4 ] smSPRO'll 1 g^PSP*sjf^ JjX 3 n •2)fr©1:?JSg 

[0 5 ] mmwmimmtirii>m<om&^7ritmm 
[a 6 ] SB«m@JiAi?f$^3 n/cm©t^si^^-rwffi 

40 [S7] i^'^-i^a>lgl*l8l)a3txSlu©t»3IS* 

[08] %miicisvii>mM^^*--Y<Dwmm. 

[010] |5}D< . ^i^W^t- K©tKH0. 
[f?#©SiB^] 

l-iJijgtt^feT^/WXiU-C©^?^;^'/^- F. 2-S 
b-C©<&SSffi. 4"->'-! >i'--<.-i^3>R 5 --II 
l©flieib-C©nffiiJ«@. 6 "l^2©S@<!:Lr©p 
ffi'jm®. 1 l-mi®. 1 1 a-^tiJS|5{4<!: Lr©SHi 
50 gp. 12"m2Jl. 13"^B^^®1. 14"nigaP 



C6) 2 0 0 2 - 1 1 8 2 8 8 

9 10 
8P. 14a-MPiMfe. 1 5-»2BBPSP. ISa -MP* 1 5 b -PBPi^iaSP. 
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